(I'Hétel-Dieu de Gaspé) and Dr J.-P.
Breton (ministére des Affaires so-
ciales, division des maladies infec-
tieuses) for supplying the serum
samples and clinical histories. In addi-
tion, we are grateful to D. Archam-
bault, M. St-Louis and C. Th'ng for
technical assistance.

References

1. THoMPsoN WH, KALFAYAN B, AN-
sLow RO: Isolation of California
encephalitis group virus from a fatal
human case. Am J Epidemiol 81:
245, 1965

2. HENDERSON BE, CoLEMAN PH: The
growing importance of California
arboviruses in the etiology of human
disease. Prog Med Virol 13: 404,
1971

3. BERGE TO (ed): International Cata-
logue of Arboviruses, Including Cer-
tain Other Viruses of Vertebrates,
2nd ed, DHEW publ no (CDC) 75-
8301, US Dept of Health, Education,
and Welfare, Bethesda, Md, 1975,
p 188

4. SupiA WD, NewHOUSE VF, CALI-
sHER CF, et al: California group
arboviruses: isolations from mos-
quitoes in North America. Mosq
News 31: 576, 1971

5. McGowaN JE JR, BRYAN JA, GREGG
MB: Surveillance of arboviral en-
cephalitis in the United States, 1955-
1971. Am J Epidemiol 97: 199, 1973

6. BALFOurR HH JR, SIEM RA, BAUER
H, et al: California arbovirus (La
Crosse) infections: I. Clinical and
laboratory findings in 66 children
with meningoencephalitis. Pediatrics
52: 680, 1973

7. ArRTsoB H, SPENCE L: Arboviruses
in Canada, in Arctic and Tropical
Arboviruses. Second International
Symposium on Arctic Arboviruses,
Mont Gabriel, Canada, May 26-28,
1977, Kurstak E (ed), Acad Pr,
New York, 1978, p 39

8. ArTsoB H, SPENCE L, TH'NG C,
et al: Serological survey for human
arbovirus infections in the province
of Quebec. Can J Public Health (in
press)

9. McKIEL JA, HALL RR, NEWHOUSE
VF: Viruses of the California ence-
phalitis complex in indicator rabbits.
Am J Trop Med Hyg 15: 98, 1966

10. Zissis G, CLINET G: Viral-antibody
detection by a more sensitive com-
plement-fixation reaction (C). Lan-
cet 1: 754, 1974

11. CLARKE DH, CasaLs J: Techniques
for hemagglutination and hemagglu-

tination-inhibition with arthropod-
borne viruses. Am J Trop Med Hyg
7: 561, 1958

12. SEvVeEr JL: Application of a micro-
technique to viral serological inves-
tigations. J Immunol 88: 320, 1962

13. LiNpsey HS, CaLisHER CH, Ma-
THEWS JH: Serum dilution neutral-
ization test for California group
virus identification and serology. J
Clin Microbiol 4: 503, 1976

14. HiLty MD, HavNEs RE, Azimi PH,
et al: California encephalitis in chil-
dren. Am J Dis Child 124: 530,
1972

15. MiLLER BR, DEFoLIART GR, YuiLL
TM: Vertical transmission of La
Crosse virus (California encephalitis
group): transovarial and filial in-
fection rates in Aedes triseriatus
(Diptera: Culicidae). J Med Entomol
14: 437, 1977

16. BERRY RL, LALONDE WEIGERT BJ,
CaLisHER CH, et al: Evidence for
transovarial transmission of James-
town Canyon virus in Ohio. Mosq
News 37: 494, 1977

17. Lisitza MA, DEFoLIART GR, YuiLL
TM, et al: Prevalence rates of La
Crosse virus (California encephalitis
group) in larvae from overwintered
eggs of Aedes triseriatus. 1bid, p 475

Verapamil and supraventricular tachyarrhythmias:
beneficial effect in patients with chronic pulmonary disease

SIMON W. RABKIN, MD, FRCP[C]; CHARLES TOMLINSON, MD, PH D;
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Patients with supraventricular tachy-
arrhythmias that do not respond to
initial therapeutic measures pre-
sent a familiar and challenging
clinical problem. The papaverine
derivative verapamil (Isoptin, Pen-
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Manitoba and the Health Sciences
Centre, Winnipeg
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tagone Laboratory Ltd., Montreal)
— a-isopropyl-a-[(N-methyl-N-ho-
moveratryl)-y-aminopropyl]-3,4-di-
methoxyphenylacetonitrile  hydro-
chloridle — has been reported to
be effective in the treatment of su-
praventricular tachyarrhythmias.™
Although the exact mechanism of
its antiarrhythmic action is not
completely understood, verapamil
has aroused great interest because
it appears to exert its effects on a
basis different from that of other
antiarrhythmic agents.**

In this report we outline our ex-
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perience with the use of verapamil
in patients with supraventricular
tachyarrhythmias that were difficult
to control with usual therapeutic
measures, and identify a subset of
patients with chronic lung disease
and atrial flutter in whom the drug
appears to be highly effective.

Criteria for verapamil therapy
and results

Eleven patients, nine men and
two women aged 52 to 72 years,
with symptomatic supraventricular



tachyarrhythmias that were difficult
to control received verapamil (Table
I). The criteria for verapamil ad-
ministration were the following:

@ Arrhythmia of more than 24
hours’ duration. (In all the patients
except nos. 7 and 10 the arrhyth-
mia had been present for 48 hours
or more.)

@ Unsatisfactory response to
traditional pharmacologic therapy

over this period. (All the patients
had received digoxin except one
[no. 10}, in whom digoxin had not
been effective on previous occa-
sions, and at least one other agent
— either quinidine or disopyra-
mide.)

@ Symptoms or hemodynamic
consequences of the arrhythmia that
required further treatment.

Verapamil was usually admin-

istered intravenously in 5-mg doses
every 5 minutes until a satisfactory
response or a total dose of 25 mg
was reached. With this approach
the effect was usually seen within
5 minutes of administration of the
second dose.

The patients could be classed into
two groups on the basis of clinical
diagnosis. Five patients (nos. 1 to
5) had a long history of chronic

Table I—Patient characteristics and response to verapamil therapy
Patient Age(yr) Previous unsuccessful  Dosage of Adverse
no. andsex Clinical diagnosis  Arrhythmia treatment verapamil Response effects Outcome

1 72, M Chronic obstructive Atrial Digoxin, quinidine 10mg IV Sinus rhythm  None Sinus rhythm
lung disease flutter (5 mg q 10 min) - maintained

2 65, M Chronic obstructive Atrial Digoxin, quinidine, 10mg IV Atrial None
lung disease, flutter rapid atrial (5mgq5min) fibrillation
pneumonia pacing 15mglv Atrial None

(5mgq5min) fibrillation
80 mg po q8h Sinus rhythm  None Sinus rhythm

3 64, M Chronic bronchitis, Atrial Digoxin, quinidine Smglv Transient None
alcoholism, flutter sinus rhythm
pneumonia 25mg IV Sinus rhythm  None Sinus rhythm

(5 mg q 5 min)

4 65, M Chronic obstructive Atrial Digoxin, disopyramide 10 mg IV Slowing of Hypo- Atrial fibrilla-
lung disease, flutter (5mg q 10 min)  ventricular tension tion controlled
acute respira- S5mglv rate with digoxin
tory failure (q4-6h) after recovery

from acute
respiratory
failure

5 52, M Chronic obstructive Atrial Digoxin, disopyramide 5 mg IV Slowing of None Sinus rhythm
lung disease, flutter 5mgiV(ghx2) ventricular
acute bronchitis rate

6 54, M Heart failure, Atrial Digoxin, propranolol, 25mg IV Sinus rhythm  Hypo- Ventricular rate
cause unknown fibril- quinidine (5mgq5min) None tension controlled
(probably lation (blood with digoxin,
cardiomyopathy) pressure 10 mg po, and

fell propranolol,
from 160 mg per
130/70to  day

40/25 mm

Hg); re-

quired

dopamine

7 70, M Chronic lympho- Atrial Digoxin, propranolol 20 mg IV None None Died
cytic leukemia, fibril- (5 mg q 5 min)
Pneumocystis lation/
carinii pneu- flutter
monia

8 66, M Myocardial Atrial Digoxin, quinidine 10mg v Sinus rhythm  None Sinus rhythm
infarction tachy-

cardia

9 67, F  Mitral stenosis Atrial Digoxin, quinidine, 25mg IV Slowing of None Recurrent

tachy- propranolol (5mg q5min)  ventricular arrhythmias
cardia ' rate despite vera-
480 mg po/d Recurrent pamil therapy
arrhythmias
10 65, M None Paroxysmal Phenylephrine, 10mg IV Sinus None Sinus rhythm
supraven-  edrophonium (5 mg q 5Smin) rhythm
tricular chloride,
tachy- quinidine
cardia
11 69, F  Ischemic heart Paroxysmal Edrophonium chloride, 5 mg IV Sinus rhythm  Transient  Recurrent
disease supraven-  vasopressors, atrio- arrhythmias
tricular digoxin, ventri- despite oral
tachy- propranolol cular digoxin and
cardia block verapamil
therapy
80 mg po q4h Recurrent None Radiofrequency
arrhythmias pacemaker and
coronary sinus
catheter sys-
tem installed
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obstructive lung disease, which was
usually severe, as indicated by the
results of pulmonary function tests
(Table II), were hypoxic and had
atrial flutter with a rapid ventri-
cular response. Treatment with
verapamil was very effective in
these patients. Three responses were
noted: conversion to sinus rhythm
(Fig. 1), conversion to atrial fibril-
lation with a slower ventricular re-
sponse (Fig. 2) and slowing of
the ventricular rate.

Hypotension, the only adverse
effect seen, occurred in the sickest
patient (no. 4), who was receiving
mechanical ventilation for acute
respiratory failure. The hypotension
was of short duration, in contrast
to the electrophysiologic effect:
the maximum slowing of the ven-
tricular rate usually lasted 30 to
60 minutes.

The six patients (nos. 6 to 11)
constituting the second group pre-
sented with various clinical prob-
lems. Sinus rhythm was restored in
three patients, one of whom (no.
11) had transient atrioventricular
block before sinus rhythm resumed
(Fig. 3). Control of the ventricular
rate was achieved in one patient,
and no effect was observed in the
remaining two patients. Profound
hypotension, occurring in one pa-
tient (no. 6), was the only signifi-
cant complication in this group.

Discussion

This study has identified a sub-
group of patients with chronic ob-
structive lung disease and atrial
flutter whose arrhythmia responded
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well to intravenously administered
verapamil. Previous studies of the
effect of verapamil in the treatment
of atrial flutter have considered al-
most exclusively patients with is-
chemic or rheumatic heart disease.

i

FIG. 1—Tracings of modified lead V, showing atrial flutter in patient 1 at
time first (top panel) and second (next panel) 5-mg doses of verapamil were
given. Sinus rhythm restored 5 minutes after second dose was received, at
which time occasional ventricular ectopic beats were observed.

Table I1—Pulmonary function and blood gas data for patients with chronic obstructive pulmonary disease (group 1)

Patient no.

Variable

1 2 3

4 5

Time before arrhythmia, yr
Vital capacity, | (and % of
predicted value)
Maximum mid-expiratory flow, I/s
(and % of predicted value)
Forced expiratory volume inls
(and % of forced vital capacity)
Residual volume, | (and % of
predicted value)
Partial pressure of oxygen in
arterial blood with patient
breathing room air during
function tests, mm Hg
Arterial blood gas values with
g:tient breathing room air
fore verapamil administration
Partial pressure of oxygen, mm Hg
Partial pressure of carbon dioxide, mm Hg

p
Bicarbonate, mmol/I

4.37 (119)
0.94 (35)*

6 5 1

2.71 (65) 1.95 (50)
0.69 (15) 1.70 (41)
1.50 (77)
3.31 (144)

- 3.53 (174)

53

60

34
7.51

26.6

2
7.53
34.6

0.1 (after) 0.5
2.50 (62) 2.60 (65)
0.40 (13) 1.50 ANt
0.85 0.61 (23)
- 5.19 (276)

47

7.37
28.6

281

64
1.37

35.0

1The patient received mechanical ventilation.

*When bronchodilators were used an increase was observed.
1When bronchodilators were used no response was observed.
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Although the type of arrhythmia is
a critical determinant of the effi-
cacy of any drug, this study raises
the question whether the clinical
circumstances may be of additional
importance for the use of vera-
pamil. Despite the paucity of clin-
ical data, experimental data sup-
port the contention that verapamil
could have a beneficial effect in
patients with obstructive lung dis-
ease who have had a recent pul-
monary insult. Verapamil blocks
excitation coupling of smooth mus-
cle and could induce relaxation of
bronchial smooth muscle.” Also,
contraction of tracheal smooth

muscle induced by metabolic de-
rangement can be blocked by a

calcium antagonist such as vera-
pamil.*

Regardless of the role verapamil
may play in the treatment of lung
disease, its use has advantages in
patients that have chronic lung dis-
ease with recent pulmonary dete-
rioration and atrial flutter. Atrial
flutter is often difficult to treat
pharmacologically. The ideal meth-
od of treatment is cardioversion if
reversion to normal sinus rhythm
is desirable; the probability of per-
sistent sinus rhythm is high. How-
ever, because the sedation required
prior to cardioversion may pose
some risk to patients with severe
chronic pulmonary disease, phar-
macologic agents should be tried

FIG. 2—Tracings of leads V, and II and simultaneous intra-atrial recording
(paper speed 5 mm/s) for patient 2 after 10 mg of verapamil was given
intravenously. Conversion of atrial flutter to atrial fibrillation and transition
from regular flutter waves (F) to chaotic fibrillatory activity demonstrated in

intra—atrial tracing.

FIG. 3—Tracing of lead V, showing supraventricular tachycardia terminating

abruptly in patient 11 after 5 mg of verapamil was given intravenously. Tran-

sient sinoatrial arrest, atrioventricular block and ventricular ectopic beats
seen (left side of centre panel). Right bundle branch block had been present

for many years,

first. Unfortunately, initial treat-
ment with digitalis compounds may
increase the risks of complications
during subsequent attempts at car-
dioversion. The presence of ob-
structive lung disease limits the use
of other drugs, specifically the -
adrenergic blocking agents. Vera-
pamil may become the preferred
agent in this situation because of
its efficacy, short duration of ac-
tion that does not limit the pos-
sibility of later cardioversion, and
the absence of an adverse effect on
airways resistance.

The patients in group 2 had dif-
ferent cardiac diseases and arrhyth-
mias. In two patients, one with
atrial fibrillation and one with
atrial flutter, the arrhythmia failed
to respond to verapamil. In other
studies of patients with arrhythmias
that were less difficult to control,
verapamil decreased the ventricular
rate in a high proportion of the
patients with atrial fibrillation.**.
The two patients in our study who
had paroxysmal supraventricular
tachycardia responded well to vera-
pamil administration. The rate of
reversion of paroxysmal supraven-
tricular tachycardia with intra-

. venous administration of verapamil

has varied in several reports from
66%* to 70%" to 97%."* We have
found, as have others,' that when
verapamil is administered orally it
may not be as effective in the con-
trol of paroxysmal supraventricular
or atrial tachycardia. :

The serious adverse effects of
verapamil include hypotension,
bradycardia, sinoatrial and atrio-
ventricular block, and asystole.*”
The frequency of these complica-
tions during wide use of this drug
have not yet been estimated. In
most reported cases the most se-
rious adverse effects have been
associated with the concomitant ad-
ministration of g-adrenergic block-
ing agents. Because both drugs are
calcium antagonists, though with
different mechanisms of action, the
effects of the two drugs are addi-
tive and perhaps synergistic. The
thesis that the adverse effects of
verapamil may be minimized by
not administering the drug for at
least 6 hours to patients who have
received B-blocking drugs’ may not
be substantiated; one of our pa-
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tients, in whom propranolol was
discontinued 48 hours before vera-
pamil was administered, had a
hypotensive response. The adverse
effects of verapamil can be reversed
by atropine, B-agonists such as
isoproterenol, intravenously admin-
istered calcium or the temporary
installation of a cardiac pacemaker.

Verapamil’s pharmacologic ef-
fects have been attributed primarily
to its ability to block the slow in-
ward current (the slow response)
across the cell membrane.” The
drug abolishes the increased auto-
maticity seen in some fibres that
appears to depend on the slow re-
sponse. Since both the sinus and
the atrioventricular nodes depend
on the slow inward current,”™ vera-
pamil is a powerful depressor of
their activity. Supraventricular ta-
chycardia may result from continu-
ous re-entry of impulses with either
the sinus or the atrioventricular
node as part of the re-entry path-
way. Verapamil can terminate this
kind of arrhythmia by interrupting
the re-entry pathway and prolonging
or preventing conduction through
either node. Depression of the atrio-
ventricular node’s action potentials
and conduction* is undoubtedly
the mechanism by which verapamil
decreases the ventricular response
in atrial flutter and atrial fibrilla-
tion.

The conversion of atrial flutter
to sinus rhythm or atrial fibrillation
after verapamil is administered is
not completely understood. It is
not our intention to enter the de-
bate on the respective roles of in-
creased automaticity and re-entry
in the genesis of atrial flutter. Vera-
pamil may restore sinus rhythm by
suppressing atrial fibres whose dia-
stolic depolarization and automa-
ticity depend on the slow inward
current and are responsible for ar-
rhythmias. Alternatively, it may
block conduction in a re-entry path-
way that involves tissue sensitive to
verapamil. The mechanism for the
conversion to atrial fibrillation is
even more enigmatic because vera-
pamil does not exert any effect on
the relative or effective refractory
periods of atrial fibres or on the
intra-atrial conduction time.*® The
electrophysiologic basis for this
conversion of atrial flutter to atrial

fibrillation clearly warrants inves-
tigation.
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